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Abstract 
In order to get the change detection image.An unsupervised change detection algorithm for multi-temporal satellite 
image based on NSCT（non-subsampling contourlet transform）and k-means clustering is proposed in this paper. 
For each pixel in the log-ratio image, multi-scale and multi-direction feature vector is extracted by NSCT and the 
reconstruction of the log-ratio image is obtained. The threshold is produced by using the k-means clustering 
algorithm and can distinguish between the unchanged and the change region. Finally, the change detection map is 
achieved. Some satellite images are used to verify the proposed method and the results shows that it has a higher 
stability and accuracy against Gaussian and speckle noise than traditional algorithms. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
Change detection technique is given with the same target multiple regions or single-phase or multi-
band band remote sensing images using image processing methods to detect whether changes in surface 
features of the region, and through a comprehensive multi-temporal remote sensing images analysis of 
change information can be extracted to achieve the remote monitoring of a comprehensive technology[1]. 
The technology can be divided into different levels according to the analysis level: pixel level, feature 
level and target level. It can also be divided into supervised classification algorithm and un-supervised 
classification algorithm according to classification process [2]. A change detection algorithm of un-
supervised and pixel level is adopted in this paper. 
Recently, changed detection technology of remote sensing image is developing rapidly, and variety 
of change detection algorithms are proposed by some researchers [3-8]. For example, sub-band 
decomposition NSCT(non-subsampling contourlet transform) coefficient selection algorithm [4], 
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NSCT shift invariance of the image texture extraction algorithm [6], PCA and k-means clustering 
combined change detection algorithm [7], dual-threshold wavelet value change detection algorithm [2], 
UDWT and k-means clustering combined change detection algorithm [8]. 
The NSCT and k-means clustering [7, 8] are combined in the proposed change detection 
algorithm. The algorithm can well inhibit transformation NSCT remote sensing images of the speckle 
noise [9], and can keep more edge and detail information [10]. And at the same time, the k-means 
clustering algorithm classifies the multi-scale and multi-direction texture points into change classes and 
un-change class. Finally, we get the change detection of the image. Experimental results show that the 
proposed algorithm has higher noise immunity and detection accuracy than the other algorithms 
mentioned in this paper. 
2. Theoretical description and algorithms introductions 
2.1 Theoretical description 
NSCT is a redundant transform which consists of NSP (nonsubsampled pyramid) and NSDFB 
(nonsubsampled directional filter bank). NSCT inherits the contourlet’s features, for example, multi-scale, 
multi-direction and shift invariance [11]. Besides, it is a flexible methods MSD-based and owns more 
strength expression ability of edge information than wavelets or contourlet transform. Firstly, source 
image is decomposed into different sub-bands by NSP. Secondly, these sub-bands are filtered by NSDFB 
to get different scales and directions coefficients [12]. It avoids the frequency aliasing by removing up-
sampling and down-sampling in the process of decomposition and reconstruction which emerges in 
contourlet or wavelets. Therefore, it satisfies perfect reconstruction conduction and shift invariance.  
The threshold value is determined by k-means clustering algorithm. In this algorithm, the parameter k 
is 2 and class n is 2. Firstly, two objects are selected as initial cluster centers. Secondly, the distance is 
calculated from the object to .these centers. Lastly, according to the minimum distance re-classification of 
the corresponding objects updates the parameters in turn to each iteration cluster until no changing. 
Ultimately, changing region and are an un-changing region are got namely the detected image. 
The advantages of NSCT in extracting feature information and k-means clustering algorithm are 
combined in this paper to get good effect. 
2.2 Algorithm introductions 
Figure 1 is the flow chart of the change detection algorithm which combines NSCT with k-means 
clustering algorithm. The concrete realization steps of the algorithm are as follows: 
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Fig. 1.Proposed unsupervised change detection algorithm. 
 Get the remote sensing images of different time phases. The remote sensing images obtained in 
different time t1 and t2 are X1 and X2, whose size are I×J. 
 The different time phase remote sensing images are preprocessed. The pre-processing consists of the 
radiation, the geometric correction and the registration of the remote sensing images at different time 
phases. 
 Compared the image pixel of the remote sensing images named X1 and X2 one by one for operations, 
then take the logarithm of both sides, to be log-ratio images, namely:  
                                          10 2 1( , ) log ( , ) / ( , )R LX i j X i j X i j                                                   （1）
 The multi-scale and multi-orientation coefficients are gotten by the NSCT. 
 D S R LX N S C T X                                                                   （2）
Then get a set of images with the same size as the original image. 
 0 1 2 3 4 5 6 7 8, , , , , , , ,D S R L R L R L R L R L R L R L R L R LX X X X X X X X X X （3）
Reconstruct set of images of XDS, then get the specific value image XF.
 F D SX reshape X                                                                     （4）
Using the K-MEANS algorithm to cluster the NO.2 class for the specific value logarithm image XF, to 
determine the threshold. 
 FT K M EAN S X                                                                     （5）
 Get change image. 
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Produce a different image. In which, L is the height of the specific value logarithm image, W is the 
width of specific value logarithm image,  1,i L ,  1,j W The specific value logarithm image 
formed by two types of  ,RLX i j , one is the class changed, the other is the class not. 
3. Experimental results and analysis 
In order to verify rightness of the algorithm, two groups of remote sensing images are adopted to 
compare the algorithm which the PCA-KMEANS algorithm proposed by dissertation [7]. Figure (a) and 
(b) in figure 2 have four small map in all. Figure 1 is a reference, figure 2 is a detection map, figure 3 is 
the change detection algorithm result map of PCA-KMEANS algorithm proposed by dissertation [7]. 
Figure 4 is the proposed change detection algorithm result in this paper. Using algorithm (a4, b4) and 
comparison algorithm (a3, b3) to detect the changes of images (a1, a2, b1, b2) at the same area, but 
different time phases, from the visual point of view, this algorithm is better. Thus, the detection accuracy 
of the algorithm in this paper is better than the comparison algorithm. 
                                 a1                          a2                       a3                       a4 
(a)
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                                 b1                         b2                       b3                        b4 
(b) 
Fig.2 Comparison of change detection results for different approaches. 
In order to verify the detection performance of the algorithm, this paper chooses the anti-noise 
performance as an indicator. For a size L×W image I,  add Gaussian noise and the speckle noise ,then  get 
the image I  , then the peak signal to noise ratio of two images is defined as: 
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                          （7）
The anti-noise performance of the detection algorithm can be measured by the difference between the 
change detection results F1 and F2.  For the two input images I1 and I2, add noise to I1,get
I3. Input I1 and I2, get F1; input I3and I2, get F2.The anti-noise performance of the detection algorithm can 
be determined by the following formula [7]:
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Fig.3 Comparisons against Gaussian noise in different levels.          Fig.4 Comparisons against Speckle noise in different levels.
Figure3 and Figure 4 show that the anti-noise performance of the proposed algorithm is better 
than PCA-KMEANS algorithm in Gaussian noise and speckle noise. 
4. Summarize 
This is the first time to combine the NSCT (non-sampling contourlet transform) with k-means 
clustering algorithm, and proposes an unsupervised multi-temporal remote sensing image change 
detection algorithm. The NSCT is used to extract the texture of each pixel in the specific value logarithm 
image in multi-scale and multi-direction and reconstruct the image by multi- direction and multi-scale 
coefficients. The k-means clustering algorithm is used to generate the threshold and classify the 
reconstructed images. At the end, we get two classes, namely, changed area and unchanged area. The 
change detection image is got by the proposed method. The experimental result shows that the proposed 
algorithm has a higher noise immunity and detection accuracy compared with the other dissertation [7] in 
this paper. 
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